Background: Laser Doppler fl uxmetry (LDF) is an extraordinary sensitive noninvasive method of examination. It can be used for monitoring changes in the cutaneous peripheral microcirculation 15 . It uses a monochromatic low-energy laser beam. This beam penetrates the tissue and, depending on individual tissue penetration, it is refl ected, recorded by a sensitive sensor and subsequently analyzed using the Doppler. Laser Doppler fl uxmetry detects movement of cells in the peripheral circulation and microcirculation.
INTRODUCTION
Laser Doppler fl uxmetry (LDF) is an extraordinary sensitive noninvasive method of examination. It can be used for monitoring changes in the cutaneous peripheral microcirculation 12 . It uses a monochromatic low-energy laser beam. This beam penetrates the tissue and, depending on individual tissue penetration, it is refl ected, recorded by a sensitive sensor and subsequently analyzed using the Doppler eff ect 1 , (Fig. 1 -laser beam penetration through the tissue, refl ection and analysis in the amplifi er). Laser Doppler fl uxmetry detects the movement of cells in the peripheral circulation and microcirculation, i.e. in arterioles, venules, and capillaries with a cross-sectional area of 0.002 mm 2 -0.008 mm 2 (ref. 4, 12 ) . In this way cells are detected (especially erythrocytes, sporadically leucocytes) moving at a velocity of 0.01-10 mm/s. LDF records the cellular movement of erythrocytes mainly in ascendent arterioles. Basic depth penetration of laser Doppler fl uxmetry is about 1.5 mm.
The cutaneous microcirculation is organized in two horizontal plexuses: a superfi cial one situated approximately 1.0-1.5 mm under the skin surface and a deeper one in the area of the cutis and subcutis connection.
Ascendent arterioles and descendent venules ramify in both plexuses 12 .
In addition to the total fl ow intensity and intensity of individual pulse waves, LDF can record rhythmical changes in the cutaneous microcirculation blood fl ow, the so-called spontaneous vascular movements 12 (vasomotion), (Fig. 2.) .
In our department we use the PERIFLUX 5000 measurement system (Fig 3) (ref.
5
). The device consists of a measurement unit with a probe and a computer where recording and subsequent evaluations are performed.
PeriFlux 5000 is a multichannel laser-Doppler system which is one of the most sophisticated systems currently available.
A large number of probes can be connected to the PERIFLUX 5000 system which can be used in various clinical fi elds 5 : -Angiology, cardiology, and vascular surgery -Dermatology -Diabetology -Pharmacology -Neurosurgery -Plastic surgery, burns -Transplantations and many other fi elds Theory and principle of the method 13 Blood supply (perfusion) of a tissue is measured in so-called PU (Perfusion Units). As tissue blood supply (perfusion) cannot be expressed in absolute physical units (e.g. as ml/min/100g of tissue), PU is a dimensionless quantity 6 . The light from the laser source is delivered via optical fi bers to the tissue. In the tissue the light collides with moving blood elements; after a collision, the wave length of the light changes -this phenomenon is called Doppler shift. Changes in wave length and light intensity amplitude are proportional to the number and velocity of moving blood elements, i.e. tissue blood supply (perfusion):
Tissue blood supply (perfusion) = n ke x v ke n ke is the number of moving blood elements in the measured volume v ke is the mean velocity of blood elements in the measured volume
The depth of measurement depends on three factors: -Tissue characteristics -Probe confi guration -Wave length
Methods of measurement
Our own method of measurement has already been fully developed. We have a group of patients with physiological fi ndings and also groups of patients with vasoneurosis, patients with type 1 diabetes mellitus, vasculitis patients, and other patient groups 12 . We examine the blood fl ow on the dorsal side of fi ngers or toes. In this way, the area of both superfi cial and deep vascular plexuses is recorded. The measurement is infl uenced by a variety of factors: wave length of the beam, temperature of the object, systemic blood pressure, milieu interieur (especially oxygen saturation), drug therapy, alcohol abuse, smoking. On the day of examination the patients are not allowed to smoke or to drink alcohol 13 . There are many protocols for laser Doppler examination. For all the patient groups we used a protocol evaluating an algorithm, developed in the training department of the Perimed company, using provocation tests for the assessment of the vascular wall function in addition to records at rest 3, 13 : 1. Systemic blood pressure measurement on the patient's arm, taking down the results 2. Putting a scanning probe on the patient's limb (on the fi rst or second toe, middle of the second phalang, on skin apart from visible vessels, or alternatively on the second or third fi nger, likewise in the middle of the second phalang. After obtaining the best quality of record, the recording is started. 3. A 10-min record at rest 4. A 4-min ischemization of the limb (systolic blood pressure + 50 mm Hg, max. 240 mm Hg). 5. After cuff defl ation, a 15-min record at rest 6. 2× sublingual administration of Nitromint spray (2× 0.4 mg) or another nitrate spray 7. a 10-min record
Evaluation rules
It was necessary to unify the rules for evaluation of the records (Fig. 5 The resulting curve of a time period of approximately 45 minutes shows plus and minus oscillations from zero, depending on the movement of blood elements and spontaneous vascular movements in the measured and scanned area. Then the resulting data can be processed and used for various comparisons. Slow cyclic changes in the intensity of the peripheral circulation response are considered to be manifestations of possible spontaneous vascular movements 15 (vasomotion). In frequency analy- (15) . Intensity of vascular movements (vasomotion) in PU units was compared at various frequencies of the measured SV and FV segments in steps of 0,007 Hz according to the our evaluation protocol as compared to a commercially off ered evaluation in steps of 0,1 Hz. Thus approximately seven times more data can be processed from individual measurements. (Fig. 4) The measurement unprocessed data are extracted directly from the source software, transferred to a text fi le and subsequently analyzed in a spreadsheet. Each patient examined had 75 monitored frequencies in two channels, altogether more than 170 monitored parameters. Most frequently, the t-test was used for statistical analysis 3, 13 .
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Use of laser Doppler fl uxmetry
At our department, we have developed a method of using laser Doppler examination over about 8 years 12 . We have examined several groups of patients. First a patient group with physiological fi ndings was examined, and subsequently groups of patients with vasculitis, vasoneurosis, and a group of patients with type l diabetes mellitus. Recently, monitoring has been performed in patients after cardioversion in chronic atrial fi brillation with sinus rhythm restitution, and also data obtained before and after a varicose vein operation on lower limbs have been compared. We also attempted to carry out experimental studies dealing with the impact of smoking on the peripheral microcirculation 14, 17 . We have also published papers dealing with changes in the peripheral microcirculation during extracorporeal circulation 15 . Our fi rst results of drug eff ect testing are promising as well 16 .
CONCLUSION
The paper describes original data on the method and examination of peripheral circulation with laser Doppler fl uxmetry. The experience with this method is described in rather general terms. Clear diagnostic criteria for this method do not exist so far. For the time being this is a rather theoretical method that we used even in practice for the above mentioned diseases. The method provides enough data even for more detailed analyses. The information value of the curve arises after statistical data analysis with the t-test. We have not determined both specifi ty and sensitivity of the method yet, and these are not clearly specifi ed in the literature.
